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ABSTRACT

The motion of a buoy system made up of a spar and toroid
float is used to drive a linear induction generator.
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PROPOSAL FOR A SMALL DRIFING BUOY SYSTEM OF LONG LIFE BY UTILIZING

WAVE POWER

1. INTRODUCTION

Most buoy systems rely on storage batteries to power any

instrumentation or sensors. They are generally of limited life unless some

method of recharging the battPries is utilized. One standard method is by

using solar cells. Energy obtained from them is limited by the weather,

* the available surface area and fouling. The method proposed in this memo

is to use wave action to generate power through a linear induction

generator. The type of wave action considered is small waves of amplitudes

less than a few feet. The benefits of using this source of energy is that

it does not suffer from biofouling or cloudcover and it is generally

available 24 hours a day since a dead calm sea with little or no wave

motion is rare.

2. DESCRIPTION

The main part of the buoy is a central thin spar with an antenna

.. (if required) and a coil. Fitting around the central spar is a toroid

float in which is housed a permanent magnet located opposite the coil on

* the spar. The toroid float is attached to the spar via a spring system, ill

*this case a disc in which eight fingers have been cut, four are attached to

the toroid float and four to the spar. This gives a double cantilever

- spring effect.

The purpose of the arrangement is to allow the toroid float to

oscillate vertically relative to the spar utilizing the magnet and the coil

to produce electric power as a linear inductance generator (Figure 2). The

toroid float will respond readily to surface waves of small amplitude while

the spar would have a much reduced response enabling electrical energy to

be produced from the mechanical action of the waves.
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Fig. 1. Drifting system utilizing wave
action for power generation.
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3. LINEAR INDUCTANCE GENERATOR

In order to make some theoretical determination of the po..

the linear induction generator the wave action can be assumed to ,

sinusoidal of constant amplitude and frequency.

The magnet motion would respond to the wave action in the fo.

Z = Zo cos(Wt +y - az )

where W - circular wave frequency

Zo  - magnet motion amplitude

y - phase angle dependent on the wave force comp.,):;,i:, -
-z phase angle primarily dependent on the system

damping factor

The coil motion would respond in the form

Xe X0 cos(Wt + e)

4te phase angle

X coil motion amplitude

Relative motion Z -Xe

and e Z-e

ie z

Le

MAGNET I

Figure 3 ", COILJ
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The heaving magnet body being part of the toroid float would

follow the wave action readily making the phase angle az  0 and if motion.,

is symmetric about the vertical axis then y = 0 (Reference 1).

The circular frequency of the coil motion should be designed to be

equal to that of the wave action

i.e. W =
e e

Me

where Ke = spring constant

Me = mass of coil system

A phase difference approaching 90° with the toroid float (magnet)

motion leading the spar motion should be achievable by tailoring the design

of the spar. Thus phase angle 0e = -90' (Reference 2).

The condition for resonance thus becomes

= W(X o cos t - sin wt)

N2 B2 L2 j2
Electric Power Pe e e e

eR R 

"

Ne  No. of turns of wire coil

Be magnetic field

Le - length of wire coil within magnetic field

Re = load resistance in the wire coil.
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Time Averaged Power

T
P = 1 r P dt
e 0 e

T

N2 B2 L2  T/4
e e e ; 2 dt
R e T 0e i

N2 82 L2 (2 T/4
e e e 4 (X cos Wt - Z sin wt) 2 dt

Re T 0 0

N2 B2 L2 W2 4ZoX
e e e (X2 + z ) (1)

2Re 
-

4. ESTIMATION OF POWER

Some idea of the maximum power can be estimated from equation (1)

by substitution of typical values as in the following example

Wave period T - 2 sec

Wave frequency - 3. 142 rad/sec

Length of coil Le - .101 m (4")

Magnetic field B - .37 wb/m 2
e

Resistance R e 5

No. of turns N - 1000

e

Assuming an amplitude of magnet motion Zo = .101m

and for a stationary coil X

0 0
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Then

= e e e 0
e 2Re

= 1378 Z2
0

= 14 Watts

Assuming an amplitude of magnet motion ZO .303 m

the variation of Power with coil amplitude is shown in Figure 4.

The efficiency of the system would be dependent on how much

control of the damping for a particular design frequency was available.

Apart from the viscous damping component there is also a magnetic damping

component. Power obtained from a real ocean environment with random wave

action would be more readily determined through field testing. A design

frequency somewhere in the .5 to .1 Hz range (Fig. 5) would seem to be an

appropriate starting point. The probability of average wave heights

greater than .38 m is better than 95% (Fig. 6) which means that the magnet

motion amplitude can be about .15 m (6").
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APPENDIXN
CALCULATION OF STIFFNESS OF SPRING SYSTEM AND MATCHING MASS

The load in the double cantilever spring system is distributed

through four upper fingers and four lower fingers.

An estimation of the spar mass and the spring constant can be

calculated from formulas in reference (4).

Example

If material is stainless
steel sheet .10cm (.04")
thick then E 206844 MPa
(30x10 psi)
Section A-A(fig.2)

b/'

L

I = bh3  = 3.33 x 10- cm' (8x10-6 in4)

if

.L 30.5 cm (12")

then stiffness Ke  is given by P Ke 6

4 3E I - 6

i.e. K = 3EI 36.5 n/m (2.5 lb/ft)

2L

if frequency fe 3.142 rad/sec

me =Ke 2"

e

= 3.63 kg (8 lb mass)
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